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THERMOSENSITIVE POLY (ORGANOPHOSPHAZENES), PREPARATION 
METHOD THEREOF AND INJECTABLE THERMOSENSITIVE 
POLYPHOSPHAZENE HYDROGELS USING THE SAME 

5 Technical Field 

The present invention relates to a biodegradable polyphosphazene 
polymer showing a sol-gel behavior by a temperature change in aqueous 
solution, a preparation method thereof, and injectable thermosensitive 
10 polyphosphazene hydrogels using the same. 

Background Art 

Generally, a hydrogel refers to a three-dimensional network structure 

15 formed from a polymer existing in aqueous solution. The hydrogel is formed by a 
chemical crosslink by a covalent bond or by a physical crosslink through a 
physical crosslink between molecules. 

A network structure formed by the physical crosslink is different from that 
formed by the chemical crosslink in that the structure is formed not by a 

20 crosslinking points like in the covalent bond but by a physical junction zone. A 
polymer shows a sensitivity against an external stimulus such as temperature, 
pH, electricity, and etc., and a polymer showing a drastic phase transition by a 
temperature change is called as a thermosensitive polymer. The thermosensitive 
polymer shows a phase transition behavior according to a temperature change in 

25 aqueous solution, and the phase transition is reversibly performed from sol to gel 
and from gel to sol according to a temperature change. Especially, in case of a 
neutral polymer, it is regarded that a physical network structure is formed by a 
hydrophobic interaction, and the hydrophobic interaction is observed in aqueous 
solution of a polymer having a side chain such as an aliphatic chain, a fluorine 

30 chain, an aromatic chain, etc. 

A hydrogel formed by the physical crosslink does not use a chemical 
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crossiinking agent harmful to a body, thereby being spotlighted as a drug 
delivering material. A polymer showing a sol-gel characteristic by a temperature 
change includes a poly (N-isopropyl acrylamide), polyethyleneoxide- 
polypropyleneoxide- polyethyleneoxide (PEO-PPO-PEO) and polyethyleneoxide- 
5 polylactic, glycolic acid- polyethyleneoxide (PEO-PLGA-PEO), and etc., and 
researches for using them as injectable drug delivering material are actively 
being underway (Advanced Drug Delivery Reviews, 54, 37 (2002), Journal of 
Controlled Release, 80, 9 (2002)). 

However, poly (N-isopropyl acrylamide) is disadvantageous in that it is 

10 cytotoxic and not dissolvable in vivo. Also, F127 of the PEO-PPO-PEO 
(Poloxamer® or Fluronic® 1 ) shows a sol-gel behavior by a temperature 
change in a concentration of not less than about 20% of weight, but when used 
for a long period, F127 not only increases the concentration of cholesterol in 
plasma and triglycerides but also is not dissolved in vivo. 

15 PEO-PLGA-PEO(Regel ® ) is dissolved in a physiological condition and 
becomes a gel state at a temperature near a body temperature, thereby being 
researched as an agent for locally delivering an anti-cancer drug. However, that 
polymer was reported to show a sol-gel characteristic only in a high 
concentration of more than about 16 weight % (Journal of Controlled Release, 62, 

20 109 (1999)). 

The present inventors have reported that polyphosphazene polymers 
obtained by substituting polydichlorophosphazene with 

methoxypolyethyleneglycol and amino acid ester are dissolved in water under a 
predetermined temperature, but have a phase transition behavior in a 
25 temperature more than the certain temperature when a temperature is gradually 
increased and are gradually hydrolyzed in aqueous solution (Macromolecules 32, 
2188 (1999), Macromolecules 32, 7820 (1999), Macromolecules 35, 3876 (2002), 
Korean patent No.259,367, No. 315,630 and American patent No. 6,319,984 and 
etc.). 

30 However, the phase transition behavior of the polyphosphazene polymers 

disclosed in said theses or patents is mainly a sol-precipitation. Also, in case of 
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polymer showing a sol-gel behavior, a gel intensity is weak in a physiological 
condition or a phenomenon of a gel contraction is generated, thereby having a 
limitation in being applied as a drug delivering material. 

5 Summary of the Invention 

Therefore, an object of the present invention is to provide a 
polyphosphazene polymer suitable for being used as a material of an injectable 
drug delivering system and having a biodegradable sol-gel behavior by a 

10 temperature change, and an excellent gel characteristic at a temperature near a 
body temperature, a preparation method thereof, and injectable thermosensitive 
biodegradable hydrogels using the same. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 

15 description of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of 
this specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 
In the drawings: 

25 Figure 1 is a picture showing a sol-gel behavior of a polyphosphazene 

according to Example 4 of the present invention; 

Figure 2 shows a viscosity change of a polymer (10 weight % PBS 
solution, pH 7.4) according to a temperature change; 

Figure 3 shows a model of a release experiment of a model drug (FITC- 
30 Dextran) of polyphosphazene hydrogels; and 
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Figure 4 shows an experiment result of a release experiment of a model 
drug (FITC-Dextran) of polyphosphazene hydrogels. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

Reference will now be made in detail to the preferred embodiments of the 
present invention, and examples of which are illustrated in the accompanying 
drawings. 

The present invention relates to a polyphosphazene polymer 
10 represented by Formula 1, a preparation method thereof, and injectable 
thermosensitive polyphosphazene hydrogels using the same. 
[Formula 1 ] 

(HN-K^°)^ CH 3) a ( NHCH 2 COOR') c 
(-N=P) f N=P^l— 

( NHCHCOOCH 2 CH 3 \ ( NHCH 2 COR" ) 
R ^ ' d 

wherein, 

15 R represents CH 2 CH(CH 3 ) 2 , CH(CH 3 )C 2 H 5> or C 7 H 7 , R' denotes 

CH2COOC2H5 or CH(CH 3 )COOC 2 H5, and R" denotes OC 2 H 5 , NHCH 2 COOC 2 H 5 , 
NHCH 2 COOC 7 H 7 , NHCH(CH 2 CH(CH 3 ) 2 )COOC 2 H 5 or NHCH(CH(CH 3 )C 2 H 5 ) 
COOC 2 H 5 ; 

a, b, c and d denote contents of each substituent, wherein each of a and 
20 b is 0.1 - 1.9 and each of c and d represents 0 -1.9, respectively, and a + b + c + 
d = 2.0; 

n denotes a degree of polymerization of a polyphosphazene and has a 
value of 10 - 10000; and 

m denotes the number of a repeating unit of aminomethoxypoly 
25 ethyleneglycol substituent and has a value of 1 0 - 50. 

The present invention solved a problem that a polyphosphazene polymer 
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of Macromolecules 32, 2188 (1999), Macromolecules 32, 7820 (1999), 
Macromolecules 35, 3876 (2002), Korean patent No.259,367, No. 315,630 and 
American patent No.6,31 9,984, having a phase transition do not have a sol-gel 
characteristic suitable for being used as a drug delivering material. The present 
5 inventors discovered that a gelation temperature and a gel viscosity of a 
polyphosphazene polymer greatly vary according to a kind of amino acid ester, 
molecular weight of aminomethoxypolyethyleneglycol, and respective contents of 
them and the gel characteristic of a polyphosphazene polymer can be controlled 
by using said characteristic, and thereby completed the present invention. 

10 Accordingly, the polyphosphazene polymer of the present invention has 

as a substituent, a polyethyleneglycol which has a greater molecular weight than 
that substituted at the polyphosphagene polymers disclosed in said documents, 
and a ratio of a hydrophilic substituent and a hydrophobic substituent existing in 
the polyphosphazene polymer was controlled to have an excellent gel 

15 characteristic even at a temperature near a body temperature, thereby having a 
physical characteristic suitable for being used as an injectable drug delivering 
material. 

In the present invention, the hydrophilic substituent is 
aminomethoxypolyethyleneglycol having a molecular weight of at least 550, 
20 preferably 550-2500, and the hydrophobic substituent is amino acid ester 
selected from the group consisting of leucineethylester, isoleucineethylester, 
phenylalanineethylester, glycinethylester, glycylglycinbenzylester, 

glycylglycinethylester, glycylleucineethylester and glycylisoleucineethylester. In 
the meantime, depsipeptide ester selected from the group consisting of ethyl-2- 
25 (O-glycyl)glycolate and ethyl-2-(0-glycyl)lactate is a substituent for controlling a 
decomposition rate. 

Next, a preparation method of the polyphosphazene polymer represented 
as the Formula I will be explained. 

In the present invention, a polydichlorophosphazene linear polymer 
30 having an average molecular weight of 10 3 - 10 5 of the following Formula 3 was 
obtained by a thermal polymerization of phosphazene trimer of the following 
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Formula 2 as described in Macromolecules, 28, 7566 (1995) besides Y.S.Sohn, 
and it was used as a starting material. 

[Formula 2] 

N 

[Formula 3] 

CI 
CI 

A preparation method of the polyphosphazene polymer of Formula 1 
10 according to the present invention comprises the steps of: 

(1) reacting a compound of Formula 3 with amino acid ethylester of 
Formula 4 or a salt thereof; 



[Formula 4] 

H 2 NCH(R)COOCH 2 CH 3 

(2) reacting the product of the step (1) with depsipeptide ester 
represented of Formula 5 or a salt thereof, or with amino acid ester of Formula 6 
or a salt thereof; and 



20 [Formula 5] 

H 2 NCH 2 COOR' 

[Formula 6] 

H2NCH2COR" 



(3) reacting the product of the step (2) with 
25 aminomethoxypolyethyleneglycol of Formula 7 or a salt thereof to obtain a 



6 



WO 2005/010079 



PCT/KR2004/001864 



polyphosphazene polymer of Formula 1 . 



[Formula 7] 

nh/^°^ CH3 

5 In case of undergoing all the reactions of the steps (1) to (3), a 

polyphosphazene polymer of Formula 1 wherein c or d is not 0 is obtained, and 
in case that the product of the step (1) is used as a starting material for a 
reaction of step (3) without undergoing the step (2), a polyphosphazene polymer 
of Formula 1 wherein each of c and d is respectively 0 is obtained. 
10 The following Reaction Scheme 1 shows a summarized preparation 

processes of the polyphosphazene polymer according to the present invention. 



[Reaction Scheme 1] 



. CI Hci H2NCH(F0CXXXJH2CH 3 

N IM , I , ~ " 

ci N a a 



(COO) 2 ( + H3MCHCa3Fr) 2 

or Ha-HaNCHaCOR" NH 2 '^' C ^ CH3 



NHCHzCOOR' 



fN=P) — (N=P) 

/ NHCHCXXX;H 2 CH3j(NHCH 2 COR ,, ) d 

15 In said Formulas 3 to 7 and the Reaction Scheme 1, R, R\ R", a, b, c, d, 

n and m are the same as defined in Formula 1 . 
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Hereinafter, a preparation method of the polyphosphazene polymer 
according to the present invention as shown in the Reaction Schemel will be 
explained in more detail. 

In the step (1), the compound of the Formula 3 is reacted with 0.1-1.9 
5 equivalents of amino acid ethylester based on said one equivalent of compound 
of the formula 3 and represented as a Formula 4 or a salt thereof in the presence 
of 4 equivalents of triethylamine. The salt of amino acid ethylester represented 
as the Formula 4 is preferably hydrogen chloride salt. A reaction solvent includes 
tetrahydrofuran(THF), dioxane, dimethylformamide(DMF), chloroform, or toluene, 
10 and the reaction is performed for about 12-72 hours in a temperature of -60 - 
50 °C. 

In the step (2), a product of the step (1) is reacted with 0-1.9 equivalents 
of depsipeptide ester of Formula 5 or a salt thereof, or with amino acid ester, 
dipeptide ester of Formula 6 or a salt thereof, in the presence of 0-4 equivalents 

15 of triethylamine. The salt of the compound of Formula 5 or Formula 6 is 
preferably oxalate or hydrogen chloride salt. As a non-limiting example of a 
reaction solvent, acetonitrile can be used. A reaction temperature is preferably 0 
- 45 °C , and a reaction time is about 12-72 hours. 

The aminomethoxypolyethyleneglycol of Formula 7 used as a reaction 

20 material in the step (3) is prepared by the following method. 

First, one equivalent of dried methoxypoiyethyleneglycol is reacted with 
one equivalent of 4-toluenesulfonyl chloride in the presence of two equivalents of 
triethylamine for 12 hours by using chloroform as a solvent. Then, two 
equivalents of sodium azide is added to the mixture and reacted for 12-24 hours 

25 at a temperature of 70 - 80 °C in dimethylformami or acetnytril as a solvent, 
thereby obtaining methoxypolyethyleneglycolazide. Subsequently, 
methoxypolyethyleneglycolazide is converted into 

aminomethoxypolyethyleneglycol by using two equivalents of triphenylphosphine 
and ten equivalents of water. Then, to 200g of aminomethoxypolyethyleneglycol 

30 as obtained, 200ml of benzene is added and distilled at a temperature of 70 - 
80 °C so as to remove excess water. Then, the mixture is put to oil bath of 80 - 
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90 °C, and dried for three days in a vacuum state. Then, molecular sieves of 3 A 
is put in a sufficient amount, then filled with dried nitrogen and a necessary 
amount is taken by a syringe, thereby being used in the reaction of the step (3). 

In the step (3), a product of the step (2) is reacted with two equivalents of 
5 aminomethoxypolyethyleneglycol of Formula 6 based on the remaining chlorines 
in the presence of four equivalents of triethylamine, thereby substituting all of the 
chlorines remained in the product of the step (2) with aminomethoxyglycol. At 
this time, as a reaction solvent, tetrahydrofuran, dioxane, chloroform or toluene 
are preferably used, but these are non-limiting examples only. A reaction 

10 temperature is 40 - 50 °C, and a reaction time is about 48-72 hours. 

In the steps (1) to (3), a product of each step can be used in the next 
step without purification, and a pure desired product can be recovere from a 
reaction mixture of the step (3) by the following method. 

First, the reaction mixture is centrifuged or filtered to remove the 

15 precipitates (for example, triethylammonium chloride, triethylammonium salt of 
oxalic acid, etc.) from the reaction mixture and the filtrate is concentrated under a 
reduced pressure until a small quantity of solvent remains. Then, the 
concentrated liquid is dissolved in THF, and excess amount of hexane is added 
to induce precipitation of a product and then filtered, which are repeated 2 to 3 

20 times, thereby removing un-reacted aminomethoxypolyethyleneglycol, amino 
acid ester and depsipeptide. A solid obtained by said processes is dissolved in a 
small amount of methanol, sequentially dialyzed by methanol and distilled water, 
and dried in a low temperature to obtain a pure compound of Formula 1. 

The present invention also relates to thermosensitive hydrogels for 

25 injectable drug delivering material containing a polyphosphazene polymer of 
Formula 1 and having a distinct sol-gel characteristic with a temperature change. 
In the present invention, the said hydrogels are the polyphosphazene polymer of 
Formula 1 dissolved in buffering solution, acid solution, base solution, salt 
solution or water in a concentration of 2-30 weight %, preferably in a 

30 concentration of 7-1 5 weight %. 
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Examples 

Hereinafter, the present invention will be explained in more detail with 
reference to preferred embodiments. However, the present invention are not 
limited to the preferred embodiments. In the following examples, an element 
5 analysis of carbon, hydrogen, and nitrogen for a product was performed by 
Perkin-Elmer C, H, N analyzer of the Characteristic Analysis Lab. of Korea 
Institute of Science and Technology. In the meantime, hydrogen and phosphorus 
NMR spectrum was measured by Varian Gemini-300, a glass transition 
temperature (T g ) was measured by Du Pont 1090 differential thermal heat 

10 analyzer, and an average molecular weight (Mw) was measured by Waters 1515 
pump and a gel transmission chromatography of 2410 differential refractormeter. 

A viscosity of the polymer was measured by dissolving the polymer in an 
aqueous solution of PBS of pH 7.4 in a concentration of 10 weight %, putting the 
polymer in a chamber of a viscometer (Brookfield DV-W+ Rheometer) provided 

15 with an automatic temperature control bath (TC-501), and increasing the 
temperature in the rate of 0.04 °C per a minute with a shear rate of 0.1 -1 .7. 

Example 1 
Preparation of 

20 Poly[poiy(aminomethoxyethyleneglycol550)(isoIeucineethylester)(ethyi-2- 
(O-glycyl) lactate)], [NP(AMPEG550)o.78(lleOEt) 118 (GlyLacOEt) 0 0 4] 

Poly(dichlorophosphazene) (2.00 g, 17.26 mmol) was dissolved in 
tetrahydrofuran and then put into a dry ice-aceton bath. Then, triethylamine (8.38 
g, 82.84 mmol) and isoleucineethylester hydrogen chloride salt (4.05g, 20.71 

25 mmol) were sequentially added thereto and reacted for 48 hours at room 
temperature. 

To the above reaction solution, a solution of ethyl-2-(0-g!ycyl)lactate 
ammonium oxalate (0.152 g, 0.69 mmol) and triethylamine (0.35 g, 3.45 mmol) in 
acetonitrile (50 ml) was added, and then reacted for 19 hours in ice bath. 
30 Then, poly(aminomethoxyethyleneglycol) (14.24 g, 25.89 mmol) having 

molecular weight of 550 and triethylamine (5.24 g, 51.78 mmol) were added 
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thereto, and reacted for 48 hours at 50 °C. 

The reaction solution was centrifuged or filtered to remove an excess 
amount of precipitates (Et 3 NHCI), and the filtrate was concentrated under a 
reduced pressure until a small quantity of solvent remained. Then, the 
5 concentrated solution was dissolved in THF, and a precipitation of a product was 
induced by adding excessive hexane and filtered, which were repeated 2 to 3 
times. Then, the solid obtained by said processes was dissolved in a small 
amount of methanol, sequentially dialyzed by methanol and distilled water for 5 
days each, and then dried in a low temperature, thereby obtaining 6.7 g (58% 
10 yield) of a final product of [NP(AMPEG550)o.78(lleOEt) 118 (GlyLacOEt) 0 . 0 4]. 



5 1.1-1.3 (b, 3H, -NHCHCCHsCHtCHahCOOCHaCH^ 

-NHCH 2 COOCH(CH 3 )COOCH 2 CHs), 

6 1.4-1.6 (b, 2H, -NHCH(CH2CH(CH 3 )2COOCH 2 CH3, 

-NHCH 2 COOCH(CH3)COOCH 2 CH 3 ), 
20 6 1.6-1.9 (b, 1H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3 ), 



15 



Composition formula: C 3 8H7 6 N 4 Oi7P 

Elemental analysis: C.49.52; H, 8.89; N, 6.79 

Theoretical value: C, 49.80; H, 8.64; N, 6.45 

Hydrogen NMR spectrum (CDCI 3 , ppm): 

6 0.8-1.0 (b, 6H, -NHCH(CH 2 CH(CH3) 2 COOCH 2 CH 3 ), 



8 2.9-3.2 (b, 2H, -NHCH^CH 2 O(CH 2 CH 2 O) 10 CH 3 ), 
6 3.4 • (s, SH.-NHCH^HzOCCHzCHzO^sCHs), 
8 3.5-3.9 (b, 95H, -NHCH 2 CiH 2 O(CH 2 CH2O) 10 CH 3 , 



25 



-NHCH 2 COOCH(CH 3 )COOCH 2 CH 3 , 
-NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3 ), 
5 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH2CH3, 
-NHCH 2 COOCH(CH 3 )COOCH4>CH 3 ), 



30 



6 5.0-5.1 (b, 1H, -NHCH 2 COOCH(CH 3 )COOCH 2 CH 3 ) 
Phosphorous NMR spectrum (CDCI 3 , ppm): 6 17.9 
Average molecular weight (M w ): 27000 
Maximum viscosity (V ma x): 312.8 Pa.s 
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Maximum gel temperature (T max )-' 43 °C 

Example 2 
Preparation of 

5 Poly[poly(aminomethoxyethyleneglycol550)(isoleucineethylester)(glycylgly 
-cinethylester)phosphazene], [NPfAMPEGSSOJo./oOleOEtKaofGlyGlyOEtKio] 

By the same method as that of Example 1, poly(dichlorophosphazene) 
(2.00 g, 17.26 mmol), triethylamine (4.19 g, 41.42 mmol) and 
isoleucineethylester hydrogen chloride salt (4.05 g, 20.71 mmol) in the first step, 
glycylglycinethylester hydrogen chloride salt (0.34 g, 1.73 mmol) and 
triethylamine (0.70 g, 6.92 mmol) in the second step, and 
poly(aminomethoxyethyleneglycol) (13.29 g, 24.16 mmol) of a molecular weight 
of 550 and triethylamine (4.89 g, 48.32 mmol) in the third step were respectively 
used for reaction, thereby obtaining 8.2 g (70% yield) of a final product, 
[NP(AMPEG550) 0 . 70 (lleOEt) 1 .2o(GlyGlyOEt)o. 1 o]. 
Composition formula: C37H75N4O16P 



Elemental analysis: C, 50.01; H, 8.59; N, 6.90 

Theoretical value: C, 49.80; H, 8.56; N, 6.84 

Hydrogen NMR spectrum (CDCI3, ppm): 

8 0.8-1.0 (b, 6H, -NHCH(CH 2 CH(CH^) 2 COOCH 2 CH 3 ), 

6 1.1-1.3 (b, 6H, -NHCH(CH 2 CH(CH 3 )2COOCH 2 Chb, 



5 



8 



8 



8 



8 



8 



4.0-4.4 



2.9-3.2 



3.5-3.9 



3.4 



1.6-1.9 



1.4-1.6 



-NHCH 2 CONHCH 2 COOCH 2 CH3), 

(b, 2H, -NHCH^HgCH^Hs^COOCHaCHs), 

(b, 1H, -NHCH(CH 2 CH(CH3) 2 COOCH 2 CH 3 ), 

(b, 2H, -NHCH^CH 2 O(CH 2 CH 2 O)i 0 CH 3 ), 

(s, 3H,-NHCH 2 CH 2 O(CH 2 CH 2 O) 10 CH^), 

(b, 95H, -NHCH 2 CH^O(CH^CH^O) 10 CH 3 , 

-NHCH^CONHCH 2 COOCH 2 CH 3 , 

-NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3 ) 

(b, 4H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH^CH 3 , 

-NHC^CONHCHaCOOChkCHa, 



WO 2005/010079 



PCT/KR2004/001864 



-NHCHsCONHCHaCOOClHaCHs), 



5 



Phosphorous NMR spectrum (CDCI3, ppm): 8 18.1 
Average molecular weight (M w ): 41000 
Maximum gel viscosity (V max ): 550.0 Pa.s 
Maximum gel temperature (T max ): 39 °C 



Example 3 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol550)(isoleucineethylester)phosphaz 
10 -enej, [NP(AMPEG550) 0 .8o(lleOEt)i. 2 o] 

Poly(dichlorophosphazene) (2.00 g, 17.26 mmol) was dissolved in THF 
and then put into a dry ice-aceton bath, then isoleucineethylester hydrogen 
chloride salt (4.05 g, 20.71 mmol) and triethylamine (8.38 g, 82.84 mmol) were 
sequentially added thereto and reacted for 48 hours at room temperature. Then, 
15 poly(aminomethoxyethyleneglycol) (15.19 g, 27.62 mmol) havig a molecular 
weight of 550 and triethylamine (5.59 g, 55.24 mmol) were added thereto and 
reacted for 48 hours at 50 °C . 

The product was recovered from the reaction solution by the same 
method as described in Example 1, thereby obtaining 7.2 g (62% yield) of a 
20 final product, [NP(AMPEG550) 0 .8o(lleOEt) 1 . 2 o]. 



25 



Composition formula: C31H64N3O13P 

Elemental analysis: C, 50.45; H, 8.90; N, 6.38 

Theoretical value: C, 49.95; H, 8.62; N, 6.24 

Hydrogen NMR spectrum(CDCI 3 , ppm): 

6 0.8-1.0 (b, 6H, -NHCH(CH 2 CH(CiH3)2COOCH2CH 3 ), 

6 1.1-1.3 (b, 3H, -NHCH(CH 2 CH(CH 3 )2COOCH 2 CH3), 

6 1 .4-1 .6 (b, 2H, -NHCH(CH 2 CH(CH 3 )2COOCH 2 CH3), 



8 1.6-1.9 



(b 7 1H, -NHCH(CH 2 CM(CH3)2COOCH 2 CH 3 ), 



8 2.9-3.2 



(b, 2H, -NHCH^CH^CH^H^ioCHs), 
(s, 3H f -NHCH 2 CH 2 0(CH 2 CH 2 0) 16 Chb), 
(b, 95H, -NHCH 2 CH 2 0(Cid 2 ChbO) 1 oCH 3 , 
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-NHCH(CH 2 CH(CH3) 2 COOCH 2 CH 3 ), 
6 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH3)2COOCH2CH 3 ) 
Phosphorous NMR spectrum(CDCI 3 , ppm): 5 19.1 
Average molecular weight (M w ): 42000 
5 Maximum viscosity (V ma x):400.0 Pa.s 

Maximum gel temperature (T max ): 40 °C 

Example 4 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol750)(isoleucineethylester)phosphaz 
-ene], [NP(AMPEG750)o. 6 5(lleOEt) 135 ] 

By the same method as described in Example 3, 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol) and isoleucineethylester 
hydrogen chloride salt (4.73 g, 24.16 mmol) were reacted in the presence of 
triethylamine (9.78 g, 96.64 mmol), and then reacted with 
poly (am i nomethoxyethyleneg lycol) (15.53 g, 20.71 mmol) having a molecular 
weight of 750 in the presence of triethylamine (4.19 g, 41.42 mmol), thereby 
obtaining 9.0 g (70% yield %) of a final product [NP(AMPEG750) 0 .65(HeOEt)i.3 5 ]. 
Composition formula: C4iH84N 3 OisP 
Elemental analysis: C, 51.32; H, 8.96; N, 5.21 
Theoretical value: C, 52.01; H, 8.91; N, 5.64 
Hydrogen NMR spectrum(CDCI 3 , ppm): 
6 0.8-1.0 (b, 6H, -NHCH(CH2CH(CjH3)2COOCH 2 CH3), 
8 1.1-1.3 (b, 3H, -NHCH(CH 2 CH(CH3)2COOCH 2 CH a ), 
6 1.4-1.6 (b, 2H, -NHCH(CH2CH(CH 3 )2COOCH 2 CH 3 ), 
8 1.6-1.9 (b, 1H, -NHCH(CH 2 CH(CH3)2COOCH2CH3), 
8 2.9-3.2 (b, 2H, -NHCHaCHzO^HzCHsOJieCHa), 
8 3.4 (s, SH^NHCHzCHsO^HsCHsO^eChb), 

8 3.5-3.9 (b, 95H, -NHCH 2 CH a O(CH2CiH 2 0) 16 CH3, 

-NHCH(CH 2 CH(CH3)2COOCH 2 CH3) J 
8 4.0-4.4 (b, 4H, -NHCH(CH2CH(CH 3 )2COOCH2CH 3 ) 
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Phosphoous NMR spectrum(CDCI 3 , ppm): 8 17.9 
Average molecular weight (M w ): 22000 
Maximum gel viscosity (V ma x): 680.0 Pa.s 
Maximum gel temperature (T ma x): 47 °C 

Example 5 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol750)(isoleucineethylester)(glycineth 
-ylester)phosphazene], [NPCAMPEGrSOJo^OleOEtk^GlyOEtJo/is] 

By the same method as described in Example 1, 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol), triethylamine (9.78 g, 96.64 
mmol) and isoleucineethylester hydrogen chloride salt (4.73 g, 24.16 mmol) in 
the first step, triethylamine (1.40 g, 13.80 mmol) and glycinethylester hydrogen 
chloride salt (0.48 g, 3.45 mmol) in the second step, and 
poly(aminomethoxyethyleneglycol) (12.95 g, 17.26 mmol) having a molecular 
weight of 750 and triethylamine(3.49 g, 34.52 mmol) in the third step were 
respectively used and reacted, thereby obtaining 8.2g (76% yield) of a final 
product, [NP(AMPEG750)o.46(lleOEt)i.36(GlyOEt)o.i 8 ]. 

Composition formula: C45H92N4O20P 

Elemental analysis: C, 52.01; H, 8.91; N, 6.86 

Theoretical value: C, 51.66; H, 8.82; N, 6.75 

Hydrogen NMR spectrum(CDCI 3 , ppm): 



6 0.8-1.0 



(b, 6H, -NHCH(CH 2 CH(CH^) 2 COOCH 2 CH 3 ), 
(b, 3H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 Chb, 
-NHCH 2 COOCH 2 CH3), 



8 1.1-1.3 



5 1.4-1.6 



(b, 2H, -NHCH(CH4>CH(CH 3 ) 2 COOCH 2 CH 3 ), 



8 1.6-1.9 



(b, 1H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3 ), 
(b, 2H, -NHCH 2 CH 2 0(CH 2 CH 2 0)i 6 CH 3 ), 
(s, SH.-NHCHsCH^CHsCH^^CHa), 



8 2.9-3.2 



8 3.4 



8 3.5-3.9 



(b, 95H, -NHCH 2 CH20(CH2CH 2 0) 16 CH 3 , 
-NHCH2COOCH 2 CH 3 , 
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-NHCjd(CH 2 CH(CH3)2COOCH2CH3), 
5 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH 3 )2COOCId2CH3, 
-NHCH 2 COOCid2CH 3 ) 



5 



Phosphorous NMR spectrum (CDCI 3 , ppm): 5 17.9 
Average molecular weight (M w ): 24000 



Maximum gel viscosity (V max ): 1021.2 Pa.s 
Maximum gel temperature (T max )". 48 °C 

Example 6 
Preparation of 

Poly[poIy(aminomethoxyethyleneglycol750)(isoleucineethylester)(ethyl-2- 
(0-glycyl)glycolate)]phosphazene], 

[NPCAMPEGTSOWileOEtJi^GlyGlycOEtJo.is] 

By the same method as described in Example 1 , 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol), triethylamine (9.10 g, 82.84 
mmol) and isoleucineethylester hydrogen chloride salt (4.39 g, 22.44 mmol) in 
the first step, triethylamine (0.35 g, 3.45 mmol) and ethyl-2~(0-glycyl)glycolate 
ammonium oxalate (0.19 g, 0.86 mmol) in the second step, and 
poly(aminomethoxyethyleneglycol) (18.12 g, 24.16 mmol) having a molecular 
weight of 750 and triethylamine (4.89 g, 48.32 mmol) in the third step were 
respectively used for reaction, thereby obtaining 7.4g (62% yield) of a final 

product, [NP(AMPEG750) 0 .64(HeOEt)i.23(GlyGlycOEt)o.i3]- 
Composition formula: C47H94N4O22P 
Elemental analysis: C, 51.00; H, 8.52; N, 6.90 
Theoretical value: C, 50.34; H, 8.44; N, 6.77 
Hydrogen NMR spectrum(CDCl 3 , ppm): 
8 0.8-1 .0 (b, 6H, -NHCH(CH 2 CH(CH3)2COOCH2CH3), 
8 1.1-1.3 (b, 3H, -NHCH(CH 2 CH(CH 3 )2COOCH 2 CH3, 



8 1.6-1.9 



8 1.4-1.6 



-NHCH2COOCH2COOCH2CH3), 

(b, 2H, "NHCH(CH2CH(CH 3 )2COOCH 2 CH 3 ), 

(b, 1H, -NHCH(CH 2 CH(CH3)2COOCH 2 CH3), 
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6 2.9-3.2 (b, 2H, -NHCH2CH 2 0(CH 2 CH 2 0)i 5 CH3), 
8 3.4 (s, 3H,-NHCH2CH 2 0(CH2CH 2 0) 1 5CH S ) ) 

6 3.5-3.9 (b, 95H, -NHCH 2 CH20(CH 2 CiiO) 15 CH3, 
-NHCH^COOCH 2 COOCH 2 CH 3 , 
-NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH3), 
8 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3) 

-NHCH 2 COOCH 2 COOCH^CH 3 ), 
8 4.5-4.7 (b, 2H, -NHCH 2 COOCH2COOCH 2 CH 3 ), 
Phosphorous NMR spectrum (CDCI 3 , ppm): 8 19.1 
Average molecular weight (M w ): 10000 
Maximum gel viscosity (V max ): 670.0 Pa.s 
Maximum gel temperature (T max )-' 53 °C 



Example 7 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol1100)(isoleucineethylester)phospha 
-zene], [NP(AMPEG1 1 00) 0 . 8 4(lleOEt) 1 . 16 ] 

By the same method as described in Example 3, 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol) and isoleucineethylester 
hydrogen chloride salt (4.05 g, 20.71 mmol) were reacted in the presence of 
triethylamine (4.19 g, 41.42 mmol), and then reacted with 
poly(aminomethoxyethyleneglycol) (30.38 g, 27.62 mmol) of a molecular weight 
of 1100 in the presence of triethylamine (5.59 g, 55.24 mmol), thereby 
obtaining 8.3g (50% yield) of a final product, [NP(AMPEG1100)o.84(HeOEt)i.i 6 3. 
Composition formula: C 5 7Hn6N 3 0 26 P 
Elemental analysis: C, 52.21; H, 9.01; N, 4.30 
Theoretical value: C, 52.44; H, 8.94; N, 4.10 
Hydrogen NMR spectrum (CDCI 3 , ppm): 
8 0.8-1.0 (b, 6H, -NHCH(CH 2 CH(CH^) 2 COOCH 2 CH 3 ), 
8 1.1-1.3 (b, 3H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 Chb), 
8 1.4-1.6 (b, 2H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3 ), 
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6 3.4 



8 1.6-1.9 



5 2.9-3.2 



(b, 1H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 CH 3 ), 
(b, 2H, -NHCH2CH 2 0(CH2CH20)23CH3), 
(s, 3H,-NHCH2CH 2 0(CH2CH20)23CH3), 



6 3.5-3.9 (b, 95H, -NHCH 2 CHjO(CH 2 Cj^O) 23 CH3, 

-NHCH(CH 2 CH(CH 3 ) 2 COOCH2CH 3 ), 
6 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH 3 )2COOCH2CH 3 ) 
Phosphorous NMR spectrum (CDCI3, ppm): 6 18.07 
Average molecular weight (M w ): 39000 

Example 8 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol550)(isoleucineethylester)(glycylgly 
-cinbenzylester)phosphazene], 

[NP(AMPEG550)o.7 2 (lleOEt) 1 .i 9 (GlyGlyOBz)o.o9] 

By the same method as described in Example 1, 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol), triethylamine (4.19 g, 41.42 
mmol) and isoleucineethylester hydrogen chloride salt (4.05 g, 20.71 mmol) in 
the first step, glycylglycinbenzylester hydrogen chloride salt (0.44 g, 1.72 mmol) 
and triethylamine (0.70 g, 6.88 mmol) in the second step, and 
poly(aminomethoxyethyleneglycol) (13.29 g, 24.16 mmol) having a molecular 
weight of 550 and triethylamine (4.89 g, 48.32 mmol) in the third step were 
respectively used and reacted, thereby obtaining 7.8g (70% yield) of a final 
product, [NP(AMPEG550)o.7 2 (lleOEt)i. 19 (GlyGlyOBz) 0 .o9]. 

Composition formula: C4 2 H77N 4 Oi6P 

Elemental analysis: C, 51.01; H, 8.61; N, 6.79 

Theoretical value: C, 50.20; H, 8.52; N, 6.68 

Hydrogen NMR spectrum (CDCI3, ppm): 



6 0.8-1.0 



(b, 6H, -NHCH(CH 2 CH(CH3) 2 COOCH 2 CH 3 ), 
(b, 3H, -NHCH(CH 2 CH(CH 3 ) 2 COOCH 2 Cy3), 
(b, 2H, -NHCH(CH^CH(CH 3 ) 2 COOCH 2 CH 3 ), 
(b, 1H, -NHCH(CH 2 CH(CH3) 2 COOCH 2 CH 3 ), 



8 1.1-1.3 



8 1.4-1.6 



8 1.6-1.9 
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8 2.9-3.2 



(b, 2H, -NHCHgCHaOCCHaCHaOJioCHa), 
(s, 3H,-NHCH 2 CH20(CH2CH 2 0) 1 oCH s ), 
(b, 95H, -NHCH 2 CH2O(CH2CH2O) 10 CH 3 , 
-NHCH2CONHCH2COOCH2C6H5, 



5 3.4 



6 3.5-3.9 



5 



-NHCH(CH 2 CH(CH3)2COOCH 2 CH3), 



6 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH 3 )2COOCH2CH 3 , 

-NHC^CONHCHgCOOCHfeCeHs), 
6 5.3-5.4 (b, 2H, -NHCH 2 CONHCH2COOCH2C6H 5 ), 
8 7.0-7.3 (b, 5H, -NHCH2CONHCH2COOCH2C6H5), 
Phosphorous NMR spectrum (CDCI 3 , ppm): 8 17.9 
average molecular weight (M w ): 47000 
maximum gel viscosity (V max ): 309 Pa.s 
maximum gel temperature (T max ): 29 °C 

Example 9 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol750)(phenylalanineethylester)phosp 
-hazene], [NP(AMPEG750) 0 .73(PheOEt) 1 . 2 7] 

By the same method as described in Example 3, 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol) was reacted with 
phenylalanineethylester hydrogen chloride salt (5.15 g, 22.44 mmol) in the 
presence of triethylamine (9.08 g, 89.76 mmol), and then reacted with 
poly(aminomethoxyethyleneglycol) (18.12 g, 24.16 mmol) of a molecular weight 
of 750 in the presence of triethylamine (4.89 g, 48.33 mmol) thereby obtaining 
9.4 g (yield 65%) of a final product, [NP(AMPEG750) 0 .73(PheOEt) 1 .2 7 ]. 

Composition formula: C44H82N3CM8P 

Elemental analysis: C, 55.00; H, 8.24; N, 5.31 

Theoretical value: C, 54.74; H, 8.14; N, 5.03 

Hydrogen NMR spectrum (CDCI 3) ppm): 

8 0.8-1.05 (b, 3H, -NHCH(CH2C 6 H 5 )COOCH 2 CH3 J ), 

8 2.9-3.2 (b, 4H, -NHCH^MsCeHsJCOOCHzCHa), 
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-NHCHgCHzOCCHaCHzO^sCHs), 
8 3.4 (s, 3H,-NHCH 2 CH 2 0(CH2CH20) 15 CH3), 

6 3.5-3.9 (b, 95H, -NHCHzCHgO^HgCIHaOJisCHs, 

-NHCH(CH 2 C 6 H 5 )COOCH 2 CH 3 ), 
8 4.0-4.4 (b, 2H, -NHCH(CH 2 C 6 H5)COOCH 2 CH 3 ), 
8 7.0-7.3 (b, 5H, -NHCH(CH 2 C 6 Hj)COOCH 2 CH 3 ), 
Phosphorous NMR spectrum (CDCI3, ppm): 8 17.6 
Average molecular weight (M w ): 255000 



EXAMPLE 10 
Preparation of 

Poly[poly(aminomethoxyethyleneglycol55Q)(leucineethylester)phosphazen 
e], [NP(AMPEG550) 0 .69(LeuOEt) 1 .3i] 

By the same method as described in Example 3, 
poly(dichlorophosphazene) (2.00 g, 17.26 mmol) was reacted with 
leucineethyiester hydrogen chloride salt (4.56 g, 23.30 mmol) in the presence of 
triethylamine (9.43 g, 93.20 mmol), and then reacted with 
poly(aminomethoxyethyleneglycol)(12.34 g, 22.44 mmol) of a molecular weight 
of 550 in the presence of triethylamine (4.54 g, 44.88 mmol), thereby obtaining 
8.2 g (yield 75%) of a final product, [NP(AMPEG550) 0 .69(LeuOEt) 1 . 3 i]. 
Composition formula: C31H64N3O13P 
Elemental analysis: C, 50.45; H, 8.79; N, 6.91 
Theoretical value: C, 50.21; H, 8.65; N, 6.67 
Hydrogen NMR spectrum(CDCI 3 , ppm): 
8 0.8-1.0 (s, 6H, -NHCH(CH 2 CH(CH3) 2 )COOCH 2 CH 3 ), 
8 1.1-1.3 (s, 6H, -NHCH(CH 2 CH(CH 3 ) 2 )COOCH 2 Cjd3), 
8 1.4-1.6 (b, 2H, -NHCH(CH2CH(CH3) 2 )COOCH 2 CH 3 ), 
8 1.6-1.9 (b, 1H,-NHCH(CH 2 CH(CH 3 ) 2 )COOCH 2 CH3), 
8 2.9-3.2 (b, 2H, -NHChbCH^CHzCH^ioCHs), 
8 3.4 (s, 3H, -NHCH 2 CH 2 O(CH 2 CH 2 O) 10 CH3), 

8 3.5-3.9 (b, 29H, -NHCH^HbO^HsCHsOJioCHs, 
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-NHCid(CH 2 CH(CH3)2)COOCH 2 CH3), 
5 4.0-4.4 (b, 4H, -NHCH(CH 2 CH(CH 3 )2)COOCH2CH 3 ) J 
Phosphorous NMR spectrum(CDCI 3 , ppm): 5 17.9 
Average molecular weight (M w ): 143000 
5 Maximum gel viscosity (V max ): 6.2 Pa.s 

Maximum gel temperature (T max ): 44 °C 

Example 11: Observation of Sol-Gel Change of polyphosphazene 

The polyphosphazene polymer according to the examples of the present 
10 invention and the polyphosphazene polymer as disclosed in Macromolecules 35, 
3876 (2002) were respectively dissolved in pH 7.4 PBS solution in a 
concentration of 10 weight % each, and a sol-gel behavior with a temperature 
change was observed. 

Figure 1 is a picture showing a sol-gel behavior of the polyphosphazene 
15 polymer according to the present invention with a temperature change. As shown 
in Figure 1, the polymer is a solution state at a temperature lower than 30 °C but 
it is changed into a gel state at a temperature near a body temperature (37 °C). 

The following Table 1 shows the results of the experiment of gel 
characteristic of the polyphosphazene polymer (polymer 1 and 2) disclosed in 
20 Macromolecules 35, 3876 (2002) and the polyphosphazene polymer prepared in 
Examples 1 to 4 of the present invention according to a temperature change. 
[Table 1] 



Polymer 


structure 


Starting 
gel temp. 

(°C) 


Maximum 
gel temp. 

CC) 


Maximum 
ge! intensity 
(Pa.S) 


(X10' 4 ) e 


1 


[NP(l!euOEt)o.94(AMPEG350Ko6]n 


5 


29 


37.2 


3.9 


2 


[NP(lleuOEt)i.24(AMPEG550) 0 .76]n 


26 


52 


6.7 


2.1 


Example 1 


[NP(lleuOEt)i. 18 (AMPEG550) 0 .78(GlyLacOEt)o.o4]n 


25 


43 


312.8 


2.7 


Example 2 


[NP(lleuOEt)i.2o(AMPEG550)o.7o(GlyGlyOEt)o.io]n 


21 


39 


550.0 


4.1 


Example 3 


[NP(lleuOEt)i.2o(AMPEG550) 0 .8o]n 


27 


40 


400.0 


4.2 


Example 4 


[NP(lleuOEt)i.35(AMPEG750)o.6 5 ]n 


13 


47 


680.0 


2.2 



25 In table 1, "Starting gel temp." denotes a temperature at the time when 
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the viscosity of an aqueous solution of a polymer (10 weight % PBS solution, pH 
7.4) starts to be remarkably increased, "maximum gel temp." denotes a 
temperature that a viscosity of an aqueous solution of a polymer (10 weight % 
PBS solution, pH 7.4) reaches to a maximum point, and "maximum gel intensity" 
5 denotes a viscosity that a viscosity of an aqueous solution of a polymer (10 
weight % PBS solution, pH 7.4) reaches to a maximum point. 

Figure 2 shows a viscosity change of the polyphosphazene polymer 
represented as the polymers 1 and 2 in the table 1 and the polyphosphazene 
polymer according to Examples 1 to 3 of the present invention, due to a 

10 temperature change. 

As shown in Table 1 and Figure 2, in case of the Polymer 1, the 
maximum gel temperature was 29 °C and the gel was contracted before the 
temperature reached to 37 °C; in case of the Polymer 2, although the maximum 
gel temperature was 52 °C but the gel intensity was very weak. Therefore, it can 

15 be seen that the polymers 1 and 2 are not suitable for being used as a drug 
delivering material. 

Contrary to this, the polyphosphazene polymer prepared in Examples 1 
to 4 of the present invention not only maintains the transparent gel characteristic 
at a temperature near 37 °C, but also has a gel intensity enough to be used as a 

20 drug delivering material. 

EXAMPLE 12: Drug Release Behavior Experiments of Polyphosphazene gel 
Polymer 

Drug release behavior experiments of the polyphosphazene polymer 
25 represented as the polymer 1 in Table 1 and the polyphosphazene polymers 
according to Examples 2 to 4 of the present invention were performed as follows. 
FITC-dextran (FITC-dextran, Mw 71,600) was used as a model drug for in vitro 
release behavior experiments of the polyphosphazene polymer. First, an 
experiment object polymer was dissolved in a concentration of 10 weight % PBS 
30 solution, pH 7.4 at 4°C. Next, the model drug was put in a concentration of 0.1 
weight % and then stirred at a low temperature to obtain a uniform solution. As 
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soon as 0.5 ml of said solution was put into a container maintained as 37°C, it 
became a gel state at once. To the resulting material, 2.5 ml of pH 7.4 PBS 
solution was added and the drug release experiments were carried out. 
Samples were taken from the solution at a certain time interval thus to measure a 
5 fluorescence intensity, thereby calculating an amount of released drug. The 
result was shown in Figure 4, from which it is noted that drug was gradually 
released for more than 15 days in most gels. 

However, in case of the polymer 1 , drug more than 70% which corresponds to 
much greater quantity than that of the polymers of the present invention was 

10 released on the first day. The reason why an initial release amount of the drug 
was great is because the gel made of the polymer 1 was contracted in pH 7.4 
PBS aqueous solution of 37 °C. 

Contrary to this, in case of the polymers prepared in the Examples 2 to 4 
of the present invention, an initial drug release amount was less (within 40%) 

15 and drug was gradually released for more than 15 days. The reason is because 
the gel was not contracted even at 37 °C and the gel intensity was maintained. 
In the meantime, it was shown that the polymers of Examples 2 and 3 have less 
initial drug release amount than the polymer of Example 4. The reason is 
because the polymers of Examples 2 and 3 have the maximum gel temperature 

20 near 37 °C but the polymer of Example 4 has the maximum gel temperature of 
47 °C. That is, the polymer of Example 4 has a greater hydrophilic property than 
the polymers of Examples 2 and 3 thus to be dissolved in water better, and 
thereby drug is released faster. 

In the present invention, the polyphosphazene polymer having a 

25 thermosensitive hydrogel characteristic that a sol state maintained in a low 
temperature is changed into a gel state near a body temperature and suitable for 
being used as an injectable drug delivering material, the preparation method 
thereof, and the injectable thermosensitive hydrogels using the same were 
provided. 

30 The polyphosphazene polymer according to the present invention not 

only has a thermosensitive characteristic and a biodegradable characteristic in 
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aqueous water, but also has proper characteristics for being used as an 
injectable drug delivering material such as a gelation temperature, a gel 
intensity, a decomposition speed, a drug release behavior, and etc. 
Therefore, the polymer according to the present invention is useful as an 
5 injectable material for delivering drugs and can be applied to various industry 
fields relevant to a tissue engineering. 

As the present invention may be embodied in several forms without 
departing from the spirit or essential characteristics thereof, it should also be 
understood that the above-described embodiments are not limited by any of the 
10 details of the foregoing description, unless otherwise specified, but rather should 
be construed broadly within its spirit and scope as defined in the appended 
claims, and therefore all changes and modifications that fall within the metes and 
bounds of the claims, or equivalence of such metes and bounds are therefore 
intended to be embraced by the appended claims. 

15 
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What is claimed is: 

1 . A polyphosphazene polymer represented as a following formula 1 : 
[Formula 1] 

( HN-^^°^m CH3 ) a ( NHCH 2 COOR') 



f-N=P) 









n 



I NHCHCOOCH 2 CH 3 \ (nHCH 2 COR" ) 



wherein, 

R represents CH 2 CH(CH 3 ) 2 , CH(CH 3 )C 2 H 5 , or C 7 H 7 , R 1 denotes 
CH 2 COOC 2 H 5 or CH(CH 3 )COOC 2 H 5 , and R" denotes OC 2 H 5 , NHCH 2 COOC 2 H 5 , 
10 NHCH 2 COOC 7 H 7 , NHCH(CH 2 CH(CH 3 ) 2 )COOC 2 H 5 or NHCH(CH(CH 3 )C 2 H 5 ) 
COOC 2 H 5 ; 

a and b are independently 0.1 - 1.9, c and d are independently 0 -1.9, 
anda + b + c + d = 2.0; 

n is an integer of 10 - 10000; and 
15 m is an integer of 10 - 50. 

2. A method for preparing polyphosphazene polymer represented of 
Formula 1 , the method comprising the steps of: 

(1) reacting a polydichlorophosphazene of Formula 3 with amino acid 
20 ethylester of Formula 4 in a mol ratio of 1 : 0.1 - 1 .9; 

(2) reacting the product of the step (1) with 0-1.9 equivalents of the 
compound of Formulas 5 or 6; and 

(3) reacting the product of the step (2) with two equivalents of 
aminomethoxypolyethyleneglycol of Formula 7, based on the remaining chlorine 

25 groups 
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Formula 1 




Formula 3 

CI 
CI 

5 

Formula 4 

H 2 NCH(R)COOCH 2 CH 3 

Formula 5 

H 2 NCH 2 COOR' 

10 

Formula 6 

HiNCHzCOR" 

Formula 7 

NH 2 ^^°^ CH3 

15 wherein, 

R represents CH 2 CH(CH 3 )2, CH(CH 3 )C 2 H5, or C 7 H 7 , R' denotes 
CH 2 COOC 2 H 5 or CH(CH 3 )COOC 2 H 5l and R" denotes OC 2 H 5 , NHCH 2 COOC 2 H 5 , 
NHCH 2 COOC 7 H 7 , NHCH(CH 2 CH(CH 3 ) 2 )COOC 2 H 5 or NHCH(CH(CH 3 )C 2 H 5 ) 
COOC 2 H 5 ; 

20 a and b are independently 0.1 - 1.9, c and d are independently 0 -1.9, 

and a + b + c + d = 2.0; 
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n is an integer of 10 - 10000; and 
m is an integer of 10 - 50. 

3. The method of claim 2, wherein the reaction mixtures of each step is 
5 used in the next step without purification. 

4. The method of claim 2 or 3, wherein a solvent selected from the group 
consisting of tetrahydrofuran, dioxane, dimethylformamide, chloroform, and 
toluene is used in the steps (1) and (3), and acetonitrile is used as a reaction 

10 solvent in the step (2). 

5. The method of claim 2 or 3, wherein the said aminomethoxypoly 
ethyleneglycol has a molecular weight of 550-2500. 

15 6. The method of claim 2 or 3, further comprising a step of forming 
precipitates by adding ethyl ether or hexane to the reaction mixture after the step 
(3) is completed, then dissolving the solid obtained by filtering the mixture in 
methanol, and dialyzing with methanol and distilled water for 3-10 days each, 
then drying at a low temperature, thereby recovering the pure compound of 

20 Formula 1. 

7. The method of claim 2, wherein the amino acid ethylester compound of 
Formula 4 is used in the form of a hydrogen chloride salt. 

25 8. The method of claim 2, wherein the compound of Formula 6 or 7 is used 
as oxalate or hydrogen chloride salt thereof. 

9. The method of claim 7 or 8, wherein the reaction is carried out in the 
presence of triethylamine. 

30 

10. Injectable thermosensitive hydrogels for delivering drug having a sol-gel 
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characteristic with a temperature change, wherein the hydrogels are the 
polyphosphazene polymer of claim 1 dissolved in buffering solution, acid solution, 
base solution, salt solution or water in a concentration of 2-30 weight %. 



28 



WO 2005/010079 



PCT/KR2004/001864 



1/4 

FIG. 1 




Sol (<30°C) 



Gel (37°C) 



PCT/KR2004/001864 



2/4 

FIG. 2 



1 

2 

Example 1 
Example 2 
Example 3 




bcP 



60 



I 

10 



l 

20 



30 



— I — 
40 



"I — 
50 



70 



Temperature (°C ) 



WO 2005/010079 



PCT/KR2004/001864 



3/4 



FIG.3 



Polymer Solution 
(model drug) 



0.5 ml 
37 °C 



1 



25 m 

(PBSpH7.4,37°C) 



WO 2005/010079 



PCT/KR2004/001864 



4/4 



FIG. 4 



c 

ocs 

I — 

■+-< 

s 

I 

O 
H 
u_ 



c 

o 
E 

CO 

CD 
CO 
CC 
_CD 
0 

-a 

■g 

E 

Z3 

a 
o 
< 



100- 



80- 



60- 



40- 



20- 




10 



Example 2 
Example 3 
Example 4 



12 



14 



16 



Time (day) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/KR2004/001864 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC7 C08G 79/02, C08G 73/06 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
IPC7 C08G 79/02, C08G 73/06 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Korean Patents and applications for inventions since 1975 



Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used) 
CA-on-CD. PAJ, KIPASS 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 



Lee, B. H.; Lee, Y. M.; Sohn, Y. S.; Song, S.-C. M A Thermosensitive Poly(organophosphazene) 
Gel" Macromolecules , 2002, V.35 no. 10, pp 3876-3879 
see the whole documents 

Bae Hoon Lee, Young Moo LEE, Youn Soo Shon, and Soo-Chang Song "Synthesis and 
Characterization of Thermosensitive Poly(organophosphazenes) with Methoxy-Poly(ethylene 
glycol) and Alkylamines as side Groups", Bulletin of the Korean Chemical Society, 2002, 
Vol.23, no.4, pp549-554 
see the whole documents 

US 5,414,025 A (PENN STATE RES FOUND ) 9 May 1995 
see the whole documents 

US 4,965,397 A (ETHYL CORP ) 2 .October 1990 
see the whole documents 

KR 10-2001-0047025 A (KOREA INSTITUTE OF SCIENCE AND TECHNOLOGY ) 15 June 
2001 

see the whole documents 



1-10 



1-10 



1-10 



1-10 



1-10 



[ ^1 Further documents are listed in the continuation of Box C. 



pC~ See patent family annex. 



"A" 
"E" 
"L" 

"O" 
itpti 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



"T" 



"X" 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents,such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
22 OCTOBER 2004 (22.10.2004) 


Date of mailing of the international search report 

25 OCTOBER 2004 (25.10.2004) 


Name and mailing address of the ISA/KR 

JpHhfc Korean Intellectual Property Office 

m 3*^5 920 Dunsan-dong, Seo-gu, Daejeon 302-70 1 , 

^B^ - iP^ Republic of Korea 

Facsimile No. 82-42-472-7140 


Authorized officer y^^T&v 

LEE, Suk Ju RAAiJ 
Telephone No. 82-42-481-8149 ^C!^^ 



Form PCT/ISA/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 
PCT/KR2004/001864 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5,414,025 A 09.05.1995 None 

US 4 , 965 , 397 A 23 . 1 0 . 1990 None 



KR 10-2001-0047025 15.06.2001 



US6319984B1 20.11.2001 

GN 1 336940T 20 . 02 . 2002 

EP1161480A1 12.12.2001 

US6319984B1 20.11.2001 

W00136516A1 25.05.2001 



Form PCT/ISA/210 (patent family annex) (January 2004) 



